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I C e n t e r Fuselage
The c e n t e r f u s e l a g e s e c t i o n c o n s i s t s o f b o t h f o r w a r d and a f t n o z z l e s and the r e l a t e d plenums, t h e i n l e t s u c t i o n d u c t , t h e main l a n d i n g g e a r , and t h e l i f t improvement d e v i c e s ( L I D S ) (when so i n s t a l l e d ) ( f i g . 5 ) . C o n f i g u r a t i o n F i g u r e 6(a) shows t h e f r o n t view o f t h e f o r w a r d n o z z l e s . I n t h i s p l a n e , t h e n o z z l e s can be r o t a t e d i n b o a r d t o form a n e g a t i v e s p l a y a n g l e (from t h e s t r a i g h t down p o s i t i o n , 0" s p l a y ) . The a f t n o z z l e s were always a t 0" s p l a y . Ground p l a n e i n s t r u m e n t a t i o n l o c a t i o n s a r e g i v e n i n t a b l e 11.
Ground Plane
The ground p l a n e was i n s t a l l e d 18 i n .
T u f t s were p l a c e d on t h e ground p l a n e ( f i g . 7 > , f o r flow v i s u a l i z a t i o n .
Trap Door Scavenging S y s t e m A t r a p door scavenging system was i n s t a l l e d t o p r e v e n t t h e model s u r f a c e s and ground p l a n e from a r t i f i c i a l l y h e a t i n g w h i l e t h e n o z z l e s t e m p e r a t u r e and p r e s s u r e c o n d i t i o n s were b e i n g s e t between d a t a p o i n t s . system c o n s i s t s o f t h r e e main components: s l i d i n g t r a p door ( f i g . 8 > , d u c t i n g , and e j e c t o r s ( f i g . 9 ) . Model n o z z l e flow was sucked t h r o u g h t h e t r a p door opening, down t h e d u c t under t h e ground p l a n e ; and exhausted downstream o f t h e t e s t s e c t i o n by t h e e j e c t o r s ( f i g . 9 ) . When a d a t a p o i n t was t a k e n , t h e t r a p door was c l o s e d and t h e e j e c t o r s were a u t o m a t i c a l l y s h u t o f f . A f t e r t a k i n g t h e d a t a p o i n t , t h e t r a p door was opened and t h e e j e c t o r s were a u t o m a t i c a l l y t u r n e d on. The t r a p door was p n e u m a t i c a l l y a c t u a t e d , and i t c l o s e d i n a p p r o x i m a t e l y 0.5 sec. The t u n n e l r e f e r e n c e t e m p e r a t u r e , a g a i n s t which a l l t e m p e r a t u r e r i s e s were computed, was measured i m m e d i a t e l y upstream of t h e t e s t s e c t i o n ( i n t h e v i c i n i t y o f door 3 ( f i g . 3 ) ) . Two i r o n l c o n s t a n t a n (I/C> thermocouples, one o n each w a l l of t h e t u n n e l , were used t o measure t h e f r e e s t r e a m t e m p e r a t u r e and were averaged t o compute t h e r e f e r e n c e t e m p e r a t u r e . The ground p l a n e and t r a p door thermocouples measured a i r t e m p e r a t u r e . Pressure t a p s were l o c a t e d on b o t h t h e ground p l a n e and t r a p d o o r . p l a n e c o o r d i n a t e s y s t e m i n r e f e r e n c e t o t h e model i s shown i n f i g u r e 15.
The unique t r a p door S i d e w a l l B l e e d S y s t e m A s i d e w a l l b l e e d system p r e v e n t e d t h e h o t a i r flow o f t h e n o z z l e s from r e c i r c u l a t i n g i n t h e t e s t s e c t i o n . Two rows o f a c o u s t i c p a n e l s were removed from each s i d e w a l l a t t h e ground p l a n e h e i g h t a l o n g t h e l e n g t h o f t h e t e s t sect i o n ( f i g . 10). T h i s a l l o w e d t h e ground a i r f l o w moving t o t h e s i d e w a l l s t o flow out o f t h e t e s t s e c t i o n i n t o t h e s u r r o u n d i n g c a v i t y as

Seven 20 f t s t r i p s o f 10 thermocouples were mounted w i t h i n t h e t e s t sect i o n ( f i g . 1 3 ) . One s t r i p had I/C's and t h e o t h e r s were chrome/alumel ( C / A > thermocouples. These s t r i p s measured t h e h e a t i n g i n t h e t e s t s e c t i o n . Two s t r i p s were p l a c e d on each s i d e w a l l and t h r e e s t r i p s i n t h e
The ground
The NASA Lewis ESCORT I11 d a t a s y s t e m was used f o r d a t a a c q u i s i t i o n . T h i s system has a scan update r a t e e v e r y second which i n c l u d e s a l l d a t a r e d u c t i o n computations and f a c i l i t y and model measurements. T h i s r e p o r t w i l l address t h e e f f e c t o f s p l a y a n g l e , l i f t improvement d e v i c e s ( L I D S ) , and main l a n d i n g gear h e i g h t above t h e ground p l a n e . 
RESULTS AND DISCUSSION
These flows
The a i r f l o w i n g a l o n g t h e a x i s has n o t mixed and g e n e r a l l y r e s u l t s i n a h i g h i n l e t t e m p e r a t u r e r i s e . The f o u n t a i n upwash s t r e n g t h i s d e t e r m i n e d , i n p a r t , by t h e f o r w a r d n o z z l e s t h r u s t s p l a y a n g l e , t h e n o z z l e s e x i t p l a n e spaci n g , and t h e h e i g h t o f t h e model above t h e ground p l a n e . A v a r i a t i o n o f any one o f these can change t h e s t r e n g t h o f t h e f o u n t a i n . The e x i t p l a n e s p a c i n g
e s t a b l i s h e s t h e r e l a t i v e flow a r e a a v a i l a b l e f o r t h e c e n t r a l f o u n t a i n t o flow f o r w a r d a l o n g t h e u n d e r s i d e o f t h e model. T h i s w i l l d e t e r m i n e t h e amount o f h o t gas t h a t i s i n g e s t e d i n t o t h e i n l e t flow f i e l d and g e t p u l l e d i n t o t h e i n l e t . The o t h e r source o f h o t gas i n g e s t i o n i s t h e f a r f i e l d . The h i g h v e l o c i t y ground j e t from t h e n o z z l e s flow ahead o f t h e model u n t i l , due t o buoyancy and t h e headwind, t h e flows s e p a r a t e from t h e ground. The flow i s t h e n blown back t o t h e model i n l e t flow f i e l d where t h e h o t gas i s i n g e s t e d i n t o t h e i n l e t . T h i s form o f H G I g e n e r a l l y causes a l o w e r i n l e t t e m p e r a t u r e r i s e i n comparison t o t h e near f i e l d H G I . The e x c e p t i o n i s when t h e f a r f i e l d s e p a r a t i o n o c c u r s a t t h e i n l e t .
The c l e a n c o n f i g u r a t i o n was t e s t e d t o p r o v i d e a b a s e l i n e c o n f i g u r a t i o n t o compare t h e e f f e c t o f L I D s . The c l e a n c o n f i g u r a t i o n w i l l g e n e r a l l y have a h i g h e r i n l e t t e m p e r a t u r e r i s e because i t has no way o f d i v e r t i n g t h e near f i e l d i n g e s t i o n . A parameter o f c r i t i c a l v a l u e f o r v e r t i c a l l a n d i n g concept i s t h e h e i g h t t h e main l a n d i n g gear i s above t h e ground p l a n e . Data p r e s e n t e d i n t h i s 
The n o z z l e p r e s s u r e r a t i o was v a r i e d from
The i n l e t t e m p e r a t u r e r i s e a t t h e compressor f a c e v e r s u s t h e d i s t a n c e o f t h e main l a n d i n g gear wheel above t h e ground p l a n e i s shown i n f i g u r e 16. 
CONCLUDING REMARKS
As a result of the successful program, a large data base has been established for supersonic and subsonic jets exhausting into a subsonic flow field.
A follow-on activity is, therefore recommended and should incorporate further improvements in the 9-by 15-Foot LSWT for HGI-type testing. For example:
(1) A model Integrated Support System (MISS) will be installed. This support system will have 4" of freedom (pitch, roll, yaw, and vertical variation) remotely actuated from the control room. The MISS will have the following features: pitch angle *ZOO, angle-of-yaw *180", and angle-of-roll *lo". The height variation will range from wheels-on-ground to approximately 4.5 ft above the present ground plane. The MISS will simulate both inlet and nozzle airflows.
( 2 ) Installation of a thermovision system with both video and digital output.
( 3 ) Installation of a laser sheet system coupled with a standard and U-matic video systems.
( 4 ) A new 1660 "R heated air supply system will be used.
(5) On-line acoustic analysis system will be used. [Dimensions a r e i n i n c h e s ; x measured from t r a p door l e a d i n g edge: y i s l o c a t e d 22 i n . above t h e ground p l a n e c e n t e r l i n e . 
Near Field Hot Gas Ingestion Due to Fountain Upwash
Far Field Hot Gas Ingestion Due to Separated Ground Flow
Abstract
Advanced Short Takeoff/Vertical Landing (STOVL) aircraft capable of operating from remote sites, damaged runways, and small air capable ships are being pursued for deployment around the turn of the century. To achieve this goal, it is important that the technologies critical to this unique class of aircraft be developed. Recognizing this need, NASA Lewis Research Center, McDonnell Douglas Aircraft, and DARPA defined a cooperative program for testing in the NASA Lewis 9-by 15-Foot Low Speed Wind Tunnel (LSWT) to establish a database for hot gas ingestion, one of the technologies critical to STOVL. This paper will present a few results from a test program along with a discussion of the facility modifications allowing this type of testing at model scale. These modifications to the tunnel include a novel ground plane, an elaborate model support which included four degrees of freedom, heated high pressure air for nozzle flow, a suction system exhaust for inlet flow, and tunnel sidewall modifications. Several flow visualization techniques were employed including water mist in the nozzle flows and tufts on the ground plane. Headwind (freestream) velocity was varied from 8 to 23 knots.
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